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1
MEMORY DEVICE AND MEMORY SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent

Application No. 10-20210104285 filed on Aug. 9, 2021, in
the Korean Intellectual Property Office, and all the benefits

accruing therefrom under 35 U.S.C. 119, the entire contents
of which are herein incorporated by reference.

BACKGROUND
1. Field

Embodiments relate to a memory device and a memory
system.

2. Description of Related Art

As 1ntegration of a memory device increases, a spacing
between multiple word-lines 1included in the memory device
1s decreasing. As the spacing between the word-lines
decreases, a coupling effect between adjacent word-lines
1ncreases.

SUMMARY

Embodiments are directed to a memory device, including;:
a memory cell array including a plurality of memory cells
connected to a first word-line, wherein each of the plurality
of memory cells includes a data region in which data 1s
stored and a counting value backup region in which the
number of times the first word-line 1s activated 1s backed up,
a counting table for storing therein a first row address
corresponding to the first word-line and a first counting
value as a counting result of the number of times the first
word-line 1s activated, and a comparator configured to,
comparing the first counting value with a first backed-up
counting value stored 1n the counting value backup region;
and when the first counting value 1s greater than the first
backed-up counting value, back up the first counting value
in the counting value backup region, or when the first
backed-up counting value 1s greater than the first counting
value, overwrite the first backed-up counting value into the
counting table.

Embodiments are directed to a memory device, including:
a control logic circuit configured to receive a command and
an address from an external component, and generate a {irst
voltage control signal based on the command, and generate
a first row address and a first column address based on the
address, a voltage generator for generating a first word-line
voltage VWL based on the first voltage control signal, a row
decoder for receiving the first word-line voltage and the first
row address and delivering the first word-line voltage to the
first row address, and a memory cell array including a
plurality of memory cells connected to a first word-line
corresponding to the first row address, wherein each of the
plurality of memory cells includes a data region in which
data 1s stored and a counting value backup region 1n which
the number of times the first word-line 1s activated 1s backed
up, a page buller for recerving the first column address, and
selecting a bit-line corresponding to the first column
address, and transmitting and receiving the data to and from
at least some of the plurality of memory cells, a counting
table for storing therein the first row address and a first
counting value 174 as a counting result of the number of
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times the first word-line 1s activated, and a comparator
configured to, comparing the first counting value with a first
backed-up counting value stored in the counting value
backup region, and when the first counting value 1s greater
than the first backed-up counting value, back up the first
counting value in the counting value backup region, or when
the first backed-up counting value 1s greater than the first
counting value, overwrite the first backed-up counting value
into the counting table.

Embodiments are directed to a memory system, 1nclud-
ing: a main processor mcluding at least one CPU core, and
a memory device exchanging data with the main processor,
wherein the memory device includes, a memory cell array
including a plurality of memory cells connected to a first
word-line, wherein each of the plurality of memory cells
includes a data region 1n which data 1s stored and a counting
value backup region in which the number of times the first
word-line 1s activated 1s backed up, a counting table for
storing therein a first row address corresponding to the first
word-line and a first counting value as a counting result of
the number of times the first word-line 1s activated, and a
comparator configured to, comparing the first counting value
with a first backed-up counting value stored 1n the counting
value backup region, and when the first counting value 1s
greater than the first backed-up counting value, back up the
first counting value 1n the counting value backup region, or
when the first backed-up counting value 1s greater than the
first counting value, overwrite the first backed-up counting
value into the counting table.

BRIEF DESCRIPTION OF DRAWINGS

Features will become apparent to those of skill 1n the art
by describing 1n detail example embodiments with reference
to the attached drawings in which:

FIG. 1 1s a block diagram 1llustrating a memory device
according to some example embodiments.

FIG. 2 1s an example circuit diagram for illustrating the
memory cell of FIG. 1.

FIG. 3 1s a block diagram illustrating another memory
device according to some example embodiments.

FIG. 4 1s an example block diagram for illustrating a
block of FIG. 1.

FIG. 5 1s an example block diagram for illustrating the
counting table.

FIG. 6 1s an example diagram for illustrating an operation
ol a comparator according to some example embodiments.

FIG. 7 to FIG. 10 are flowcharts for illustrating an
operation ol a memory device according to some example
embodiments.

FIG. 11 1s a block diagram illustrating another memory
device according to some example embodiments

FIG. 12 1s an example diagram for 1llustrating an opera-
tion using a multiplier of a memory device according to
some example embodiments.

FIG. 13 and FIG. 14 are flowcharts for illustrating opera-
tions of a memory device according to some example
embodiments.

FIG. 15 1s a block diagram illustrating another memory
device according to some example embodiments.

FIG. 16 1s an example diagram for illustrating an over-
write operation of another memory device according to
some example embodiments.

FIG. 17 and FIG. 18 are flowcharts for illustrating other
operations of a memory device according to some example
embodiments.
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FIG. 19 to FIG. 21 are block diagrams 1llustrating another
memory device according to some example embodiments.

FIG. 22 to FIG. 23 are flowcharts for illustrating other
operations of a memory device according to some example
embodiments.

FIG. 24 1s a view showing a memory system including a
memory device according to some example embodiments.

DETAILED DESCRIPTION

FIG. 1 1s a block diagram illustrating a memory device
according to some example embodiments.

Referring to FIG. 1, a memory device 100a according to
some example embodiments may include a control logic
circuit 120, a memory cell array 130, a page bufler 140, a
voltage generator 150, a row decoder 160, a counting table
170, and a comparator 180. Although not shown in FIG. 1,
the memory device 100a may further include a memory
interface circuit, and may further include a column logic, a
pre-decoder, a temperature sensor, a command decoder, an
address decoder, and the like.

The control logic circuit 120 may generally control vari-
ous operations 1n the memory device 100a. The control logic
circuit 120 may output various control signals 1n response to
a command CMD and/or an address ADDR from an external
component, e.g., a memory interface circuit. For example,
the control logic circuit 120 may output a voltage control
signal CTRL_vol, a row address RA, and a column address
CA.

The memory cell array 130 may include a plurality of
memory blocks BLK1 to BLKz (z 1s a positive integer).
Each of the plurality of memory blocks BLK1 to BLKz may
include a plurality of memory cells. The memory cell may
be, e.g., a DRAM memory cell. Further description of the
memory cells will now be made with reference to FIG. 2.

FIG. 2 1s an example circuit diagram for illustrating the
memory cell of FIG. 1.

Referring to FIG. 1 and FIG. 2, each of the plurality of
memory blocks BLK1 to BLKz may include a plurality of
memory cells (e.g., MCI11 to MCnn).

Each of the plurality of memory cells (e.g., MCI11 to
MCnn) may include one transistor and one capacitor. For
example, the memory cell MC11 may include a transistor
T11 and a capacitor C11, and the memory cell MCnn may
include a transistor Tnn and a capacitor Cnn.

Each of the plurality of memory cells (e.g., MC11 to
MCnn) may be connected to one word-line WL and one
bit-line BL. For example, the memory cell MC11 may be
connected to a first word-line WL1 and a first bit-line BL1.
More specifically, a gate of the transistor T11 may be
connected to the first word-line WL1, and one end of the
transistor T11 may be connected to the first bit-line BLL1. The
other end of the transistor T11 may be connected to the
capacitor C11. In another example, the memory cell MCnn
may be connected to an n-th word-line WLn and an n-th
bit-line BLn. More specifically, a gate of the transistor Tnn
may be connected to the n-th word-line WLn, and one end
of the transistor Tnn may be connected to the n-th bit-line
BLn. The other end of the transistor Tnn may be connected
to the capacitor Cnn.

Each of the plurality of memory cells (e.g., MC11 to
MCnn) may store electric charges using the capacitor.

A memory cell array 130 including the memory cells (e.g.,
MC11 to MCnn), such as a DRAM, may include a plurality
of memory banks for storing data. Each of the plurality of
memory banks may include a number of memory cells. Each
of the memory cells may be composed of each cell transistor
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(e.g., each of T11 to Tnn) that serves as a switch, and each
cell capacitor that stores data (e.g., each of C11 to Cnn), as
described above.

In general, a leakage current may occur due to a structure
of the memory cell, such as a PN junction of the cell
transistor, such that mitial data stored 1n the cell capacitor
may be lost. Therefore, the memory device 100a may
implement a refresh operation (hereinaiter referred to as a
‘normal refresh operation’) for recharging data in the
memory cell before the data 1n the memory cell 1s lost. The
normal refresh operation may include auto refresh and self
refresh.

The auto refresh may refer to a mode in which the
memory device 100a performs a refresh operation in
response to a refresh command applied from an outside.

The self refresh may refer to a mode 1n which the memory
device 100a performs the refresh operation while sequen-
tially changing an internal address by 1tself in response to the
refresh command applied from the outside.

In addition to the above-described normal refresh opera-
tion, an additional refresh operation may be performed on a
memory cell of a specific word-line having a high possibility
of data loss, e¢.g., due to row hammering.

Row hammering refers to a phenomenon 1n which data of
a memory cell, connected to a first word-line adjacent to a
second word-line having a larger number of times of acti-
vations, may be damaged, or sufler data corruption or loss.

In order to prevent damage or data loss due to the row
hammering phenomenon, the additional refresh operation
may be performed on a word-line that 1s adjacent to a
word-line that 1s activated a number of times that 1s greater
than or equal to a predefined value. This operation may be
referred to as a target-row refresh (TRR) operation.

Referring back to FIG. 1, the memory cell array 130 may
be connected to the page buller 140 through the bit-lines BL,

and may be connected to the row decoder 160 through the
word-lines WL.

The page bufler 140 may include a plurality of page
buflers PB1 to PBn, where n 1s an integer greater than or
equal to 3. The plurality of page builers PB1 to PBn may be
connected to the memory cells via a plurality of bit-lines BL,
respectively. The page buller 140 may select at least one
bit-line among from the bit-lines BL 1n response to a column
address CA. The page buller 140 may operate as a write
driver or a sense amplifier depending on an operation mode.
For example, during a write operation, the page bufler 140
may apply a bit-line voltage corresponding to data as a write
operation target to the selected bit-line. During a read
operation, the page buller 140 may detect data stored in the
memory cell based on a detecting result of current or voltage
of the selected bit-line.

The voltage generator 150 may generate various voltages
for performing read and write operations, based on a voltage
control signal CTRL_vol. For example, the voltage genera-
tor 150 may generate a read voltage, a write voltage, and/or
a refresh voltage as a voltage VWL to be applied to the
word-line.

The row decoder 160 may select one of the plurality of
word-lines WL 1n response to a row address RA. For
example, during a write operation, the row decoder 160 may
apply a write voltage to the selected word-line. During a
read operation, the row decoder 160 may apply a read
voltage to the selected word-line.

The row address RA generated from the row decoder 160
may be transmitted to the counting table 170. The counting
table 170 may store a row address 172 activated in the
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memory cell array 130. The counting table 170 may store a
counting value 174 as the number of times the row address
172 1s activated.

For a row hammering mitigation operation (e.g., the
target-row refresh operation), a space may be required for
storing the counting value 174 of the activation of the row
address RA. Thus, the counting value 174 may be stored 1n
the counting table 170. Additionally, the counting value 174
of the counting table 170 may be backed up to the memory
cell array 130 via the comparator 180.

The counting table 170 may include, e.g., a register. In
another example, the counting table 170 may be disposed 1n
a row hammering mitigation logic circuit, e.g., a target-row
refresh circuit. This will now be described with reference to
FIG. 3, 1n connection with a row hammering mitigation
logic circuit 176.

FIG. 3 1s a block diagram illustrating another memory
device according to some example embodiments.

Referring to FIG. 3, a memory device 10056 according to
some example embodiments further includes the row ham-
mering mitigation logic circuit 176.

The row hammering mitigation logic circuit 176 may be,
¢.g., a circuit that performs the normal refresh operation
and/or performs the target-row refresh operation.

The row hammering mitigation logic circuit 176 may
perform an additional refresh operation on a memory cell of
a specific word-line having a high probability of losing data.
For example, the row hammering mitigation logic circuit
176 may perform an additional refresh operation of a row
address corresponding to a word-line that 1s activated the
number of times that 1s larger than equal to a predefined
value, with reference to the counting table 170.

In the memory device 1005, the counting table 170 may
be stored 1n the row hammering mitigation logic circuit 176.
In another implementation, 1n the memory device 100qa, the
counting table 170 may be stored in a separate storage space,
¢.g., a register,

In general, as a number of row addresses 172 stored in the
counting table 170 increases (and thus, the counting value
174 corresponding thereto also increases), some row
addresses 172 may be excluded from the counting table 170
due to a limited space of the counting table 170, 1n which
case information about the counting value 174 correspond-
ing to the corresponding row address 172 may be lost.
Accordingly, the memory device according to some example
embodiments may back up some of the counting values 174
stored 1n the counting table 170 to some of memory cells 1n
the memory cell array 130. Thus, the loss of the information
about the row address 172 and the related counting value
174 may be prevented, and thus reliability of the row
hammering mitigation operation may be improved. Descrip-
tion thereof will now be made 1n detail below.

FIG. 4 1s an example block diagram {for illustrating a
block of FIG. 1.

Referring to FIG. 1 and FIG. 4, each of blocks in the
memory cell array 130 includes a plurality of word-lines
WL1 to WLn. Hereinatfter, a first block BLK1 will be
described by way of example. It will be appreciated that the
description of the first block BLK1 may also be applied to
remaining second to z-th blocks BKL2 to BLKz.

Each of the plurality of word-lines WL1 to WLn may
correspond to each of a plurality of row addresses RA1 to
RAn. For example, a word-line activated via the first row
address RA1 may be the first word-line WL1, and a word-
line activated via the n-th row address RAn may be the n-th
word-line WLn. In connection with this, n 1s a natural
number.
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Each of the plurality of word-lines WL1 to WLn may be
connected to a plurality of memory cells, as illustrated 1n
FIG. 2. The plurality of memory cells connected a word-line
WL may include a data region 132, 1n which data 1s stored,
and a counting value backup region 134, in which the
number of times the WL 1s activated 1s backed up. For
example, each DRAM row of a plurality of DRAM rows
may include the data region 132 and the counting value
backup region 134.

FIG. 4 shows that the backed-up counting values 1364 to
1367 of all word-lines WL1 to WLn (stored 1n the counting
value backup region 134, and storing or backing up the
number of times each of the plurality of word-lines WL1 to
WL 1s activated) have the same size. However, the backed-
up counting values 136a to 136% of the plurality of word-

lines WL1 to WLn may have different sizes.

The counting value backup region 134 may contain
therein, e.g., the first backed-up counting value 136qa (as a
backed up value of the number of activations of the first
word-line WL1), and the n-th backed-up counting value
1367 (as a backed up value of the number of activations of
the n-th word-line WLn). Thus, the counting value backup
region 134 may contain therein each of the plurality of
backed-up counting values 136 as information about the
number of times each of the plurality of word-lines WL1 to
WLn 1s activated.

In connection with this, the counting value 136 to be
backed up may be transmitted from the counting table 170,
and then may be backed up to the counting value backup
region 134. An operation in which the counting value 174
from the counting table 170 1s backed up to the counting
value backup region 134 will now be described in detail
below.

FIG. 5 1s an example block diagram for illustrating the
counting table.

Referring to FIG. 4 and FIG. 5, the counting table 170
may store therein, e.g., 6 row addresses RA1, RA3, RA7,
RA9, RAn-1, and RAn and 6 counting values 174a, 174c,
174¢, 174i, 174n-1, and 174n, which respectively corre-
spond to the row addresses RA1, RA3, RA7, RAY9, RAn-1,
and RAn. This information stored 1n the counting table 170
1s merely an example, and thus, the numbers and types of the
row addresses stored in the counting table 170 and the
counting values corresponding thereto may be varied.

At least some of the row addresses RA1, RA3, RA7, RA9,
RAn-1, and RAn and at least some of the counting values
174a, 174c, 174¢g, 174i, 174n-1, and 174n corresponding to
the row addresses RA1, RA3, RA7, RA9, RAn-1, and RAn
as stored in the counting table 170 may be backed up 1n
corresponding counting value backup regions 134. This will
now be described based on FIG. 6.

FIG. 6 1s an example diagram for illustrating an operation
ol a comparator according to some example embodiments.

Retferring to FIG. 5 and FIG. 6, as an example it 1s
assumed that the counting value 174a corresponding to the
first row address RA1 of the counting table 170 1s backed up
in a corresponding counting value backup region 134. In
connection with this, the counting value 174a may be
backed up to a counting value backup region 134 corre-
sponding to the first word-line WL1 (activated by the first
row address RA1 corresponding to the counting value 174a)
through the comparator 180. Thus, the counting value 174a
may be stored from the counting table 170 to the counting
value backup region 134 through the comparator 180.

In connection with this, the comparator 180 may compare
the counting value 174 of the counting table 170 with the
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backed-up counting value 136 stored in the counting value
backup region 134, and perform the backup thereot based on
the comparing result.

For example, the comparator 180 may compare the count-
ing value 174 (stored in the counting table 170) with the
backed-up counting value 136 (stored 1n the counting value
backup region 134). When the counting value 174 of the
counting table 170 has a value greater than the backed-up
counting value 136, the counting value 174 of the counting
table 170 may be backed up 1n the counting value backup
region 134. Conversely, when the backed-up counting value
136 stored 1n the counting value backup region 134 has a
value greater than the counting value 174 of the counting
table 170, the backed-up counting value 136 may be stored
in the counting table 170.

The above-described operation will now be described
based on flowcharts of FIG. 7 to FIG. 10.

FIG. 7 to FIG. 10 are flowcharts for illustrating an
operation of a memory device according to some example
embodiments.

Referring to FIG. 1, FIG. 4, FIG. 5, and FIG. 7, an
operation S10a of the memory device according to some
example embodiments will now be described.

First, the comparator 180 compares a backed-up counting
value 136% (stored 1n the counting value backup region 134
and corresponding to the n-th row address RAn) with the
counting value 174n (corresponding the n-th row address
RAn of the counting table 170), in S110.

In connection with this, the comparator 180 determines
whether the backed-up counting value 1367 (stored in the
counting value backup region 134 and corresponding to the
n-th row address RAn) 1s greater than the counting value

174n (corresponding to the n-th row address RAn of the
counting table 170), in S120.

When 1t 1s determined that the backed-up counting value
136n (stored in the counting value backup region 134 and
corresponding to the n-th row address RAn) 1s greater than
the counting value 174n (corresponding to the n-th row
address RAn of the counting table 170) (58120, Y), the
comparator overwrites the backed-up counting value 136
(stored 1n the counting value backup region 134 and corre-
sponding to the n-th row address RAn) onto the counting

value 174n (corresponding to the n-th row address RAn of

the counting table 170), in S130.

On the other hand, when it 1s determined that the backed-
up counting value 136% (stored in the counting value backup
region 134 and corresponding to the n-th row address RAn)
1s not greater than the counting value 1747 (corresponding
to the n-th row address RAn of the counting table 170)
(S120, N), the comparator 180 determines whether the
counting value 174» (corresponding to the n-th row address
R An of the counting table 170) 1s greater than the backed-up
counting value 136n stored in the counting value backup
region 134 and corresponding to the n-th row address RAn,
in S140.

When it 1s determined that the counting value 174#
(corresponding to the n-th row address RAn of the counting
table 170) 1s greater than the backed-up counting value 136#
(stored 1n the counting value backup region 134 and corre-
sponding to the n-th row address RAn) (8140, Y), the
comparator 180 backs up the counting value 174n (corre-
sponding to the n-th row address RAn of the counting table
170) 1into the counting value backup region 134 correspond-
ing to the n-th row address 1n RAn S150.

After the above-described overwrite operation S130 and
the above-described backup operation S1350, 1t may be
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determined that the row hammering mitigation operation 1s
necessary. In this case, the row hammering mitigation opera-
tion may be performed.

The operation of the memory device according to some
example embodiments may be varied from FIG. 7 described
above, as will now be described. Aspects of the above
descriptions not explicitly described below may be assumed
to be the same as described above, to thus simplify descrip-
tion and avoid repetition.

Retferring to FIG. 1, FIG. 4, FIG. 5, and FIG. 8, an
operation S105 of the memory device according to some
example embodiments will now be described.

After the comparison operation S110, the comparator 180
may first determine whether the counting value 174 cor-
responding to the n-th row address RAn of the counting
value backup region 134 i1s greater than the backed-up
counting value 136# stored in the counting value backup
region 134 and corresponding to the n-th row address R An,
in S140.

Subsequent operations are the same as those as described
above based on FIG. 7, and thus descriptions thereof are
omitted.

Next, embodiments will be described that may be 1mple-
mented to prevent a decrease in a proportion of the data
region 132 (e.g., a si1ze of the data region 132 relative to the
counting value backup region 134; see FIG. 4). The com-
parator 180 may compare the counting value 174 of the
counting table 170 with the backed-up counting value 136
stored 1n the counting value backup region 134, and then
perform the overwrite or backup operation only when a
difference therebetween 1s greater than a threshold value.

In this regard, an operation of the memory device accord-
ing to some example embodiments, 1n which the comparator
180 compares the counting value 174 of the counting table
170 with the backed-up counting value 136 stored in the
counting value backup region 134, and performs the over-
write or backup operation only when a diflerence therebe-
tween 1s greater than the threshold value, will now be
described with reference to FIG. 9 and FIG. 10.

Reterring to FIG. 1, FIG. 4, FIG. §, and FIG. 9, an
operation S10c of the memory device according to some
example embodiments, which 1s diflerent from operation
S10a of FIG. 7, will now be described.

In operation S10c, the comparator 180 determines
whether the backed-up counting value 136#% (stored in the
counting value backup region 134 and corresponding to the
n-th row address RAn) i1s greater than a value obtained by
adding the threshold value to the counting value 174#
(corresponding to the n-th row address RAn of the counting
table 170), in S122.

When 1t 1s determined that the backed-up counting value
1367 (stored in the counting value backup region 134 and
corresponding to the n-th row address RAn) 1s greater than
the value obtained by adding the threshold value to the
counting value 174n (corresponding to the n-th row address
RAn of the counting table 170) (S122, Y), the comparator
180 overwrites the backed-up countmg value 136# (stored 1n
the counting value backup region 134 and corresponding to
the n-th row address RAn) onto the counting value 174
(correspondmg to the n-th row address RAn of the counting
table 170), in S130.

On the other hand, when 1t 1s determined that the backed-
up counting value 136% (stored in the counting value backup
region 134 and corresponding to the n-th row address RAn)
1s not greater than the value obtained by adding the threshold
value to the counting value 174» (corresponding to the n-th

row address RAn of the counting table 170) (S122, N), the
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comparator 180 determines whether the counting value 174
(corresponding to the n-th row address RAn of the counting
table 170) 1s greater than a value obtained by adding the
threshold value to the backed-up counting value 136 stored
in the counting value backup region 134 and corresponding
to the n-th row address RAn, in S142.

Subsequent operations are similar to those as described
above based on FIG. 7, and thus descriptions thereof are
omitted.

Referring to FIG. 1, FIG. 4, FIG. 5, and FIG. 10, 1n an
operation S10d of the memory device according to some
embodiments, after the comparison operation S110, the
comparator 180 may first determine whether the counting
value 174n (corresponding to the n-th row address RAn of
the counting table 170) 1s greater than the value obtained by
adding the threshold value to the backed-up counting value
1367 stored in the counting value backup region 134 and
corresponding to the n-th row address RAn, in S142.

Subsequent operations are the same as those described
above based on FIG. 8, and thus descriptions thereof are
omitted.

FIG. 11 1s a block diagram illustrating another memory
device according to some example embodiments. Hereinat-
ter, repeated descriptions of the above descriptions are
omitted for simplicity of description.

Referring to FIGS. 4 and 11, a memory device 100c¢
according to some example embodiments further includes a
multiplier 110 disposed between the memory cell array 130
and the comparator 180, relative to the configuration of the
memory device 100aq of FIG. 1.

Relative to the description provided above 1n connection
with FIG. 9 and FIG. 10, when the comparator 180 deter-
mines whether to perform the overwrite or backup operation
based on the threshold value, the multiplier 110 may be used
to reduce a size of the backed-up counting value 136 that 1s
backed up in the counting value backup region 134. This will
now be described in detail based on FIG. 12.

FIG. 12 1s an example diagram for illustrating an opera-
tion using a multiplier of a memory device according to
some example embodiments.

Referring to FIG. 4, FIG. 11 and FIG. 12, a first row
address RA1 and a corresponding counting value are
described by way of example.

First, 1t 1s assumed that 1n a state (a), the backed-up
counting value stored in the counting value backup region
134 (as the number of times the first word-line WLI1 1s
activated based on the first row address RA1) 1s “0”. Further,
it 1s assumed that the counting value 174 (corresponding to
the first row address RA1 and stored in the counting table
170) 1s the threshold value. The threshold value may be a
positive integer.

The multiplier 110 multiplies the backed-up counting
value 136a “0” corresponding to the first word-line WL1 by
the threshold value, and transmits the multiplying result to
the comparator 180.

The comparator 180 compares the value obtained by
multiplying the backed-up counting value 136a correspond-
ing to the first word-line WL1 by the threshold value with
the counting value 174 stored in the counting table 170.

Thus, the comparator 180 determines whether a difference
between the value obtained by multiplying the backed-up
counting value 136a corresponding to the first word-line
WL1 by the threshold value and the counting value 174
stored 1n the counting table 170 1s greater than or equal to the
threshold value.

For example, because the counting value 174 stored in the
counting table 170, 1.e., the threshold value, 1s greater than
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or equal to a sum (O+threshold value=threshold value) of the
threshold wvalue and the wvalue (O*threshold wvalue=0)

obtained by multiplying the backed-up counting value 1364
“0” corresponding to the first word-line WL1 by the thresh-
old value, the comparator 180 may back up the counting
value 174 stored in the counting table 170, 1.e., the threshold
value, into the counting value backup region 134 corre-
sponding to the first word-line WL1.

In connection with this, the multiplier 110 stores “1”” as an
integer of an integer multiple of the threshold value 1n the
counting value backup region 134 corresponding to the first

word-line WL1.

Thus, instead of backing up the threshold value as the
counting value 174 stored in the counting table 170 in the
state (a) 1nto the counting value backup region 134 corre-
sponding to the first word-line WL1, the comparator may
back up “1” as an integer of an integer multiple of the
threshold value. This may reduce a size of the counting value
backup region 134 to thereby correspondingly increase a
s1ze of the data region 132.

In a state (b) where “1” 1s backed up into the counting
value backup region 134 corresponding to the first word-line
WL1, it 1s assumed that the counting value 174 correspond-
ing to the first row address RA1 and stored in the counting
table 170 1s the threshold value*2.

The multiplier 110 multiplies the backed-up counting
value 136a “1” corresponding to the first word-line WL1 by
the threshold value, and transmits the multiplying result to
the comparator 180.

The comparator 180 compares the value obtained by
multiplying the backed-up counting value “1” correspond-
ing to the first word-line WL1 by the threshold value with
the counting value “threshold value™*2” stored 1n the count-
ing table 170.

Thus, the comparator 180 determines whether a difference
between the value obtained by multiplying the backed-up
counting value “1” corresponding to the first word-line WL1
by the threshold value and the counting value *“‘threshold
value*2” stored 1n the counting table 170 1s greater than or
equal to the threshold value.

For example, because the counting value “threshold
value*2” stored 1n the counting table 170 1s greater than or
equal to a sum (threshold value+threshold value=threshold
value*2) of the threshold value and the value (1*threshold
value=threshold value) obtained by multiplying the backed-
up counting value “1” corresponding to the first word-line
WL1 by the threshold value, the comparator 180 may back
up the counting value “threshold value*2” stored in the
counting table 170 1n the counting value backup region 134
corresponding to the first word-line WL1.

In connection with this, the multiplier 110 stores “2” as an
integer of an integer multiple of the threshold value 1n the
counting value backup region 134 corresponding to the first
word-line WL1.

Thus, the counting value “threshold value*2” stored 1n the
counting table 170 1n the state (b) 1s not backed up 1nto the
counting value backup region 134 corresponding to the first
word-line WL1, but “2” as an integer of an integer multiple
of the threshold value 1s backed up into the counting value
backup region 134 corresponding to the first word-line WL1.
This may reduce a size of the counting value backup region
134 to correspondingly increase a size of the data region
132.

In a state (c¢) where “2” 1s backed up into the counting
value backup region 134 corresponding to the first word-line
WL1, it 1s assumed that the counting value 174 correspond-
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ing to the first row address RA1 and stored in the counting
table 170 1s the threshold value*3.

The multiplier 110 multiplies the backed-up counting
value “2” corresponding to the first word-line WL1 by the
threshold value, and transmits the multiplying result to the
comparator 180.

The comparator 180 compares the value obtained by

multiplying the backed-up counting value “2” correspond-
ing to the first word-line WL1 by the threshold value with
the counting value “threshold value*3” stored 1n the count-
ing table 170.

Thus, the comparator 180 determines whether a difference
between the value obtained by multiplying the backed-up
counting value “2” corresponding to the first word-line WL1
by the threshold value and the counting value “threshold
value*3” stored 1n the counting table 170 1s greater than or
equal to the threshold value.

For example, because the counting value “threshold
value*3” stored 1n the counting table 170 1s greater than or
equal to a sum (2*threshold  value+threshold
value=threshold value*3) of the threshold value and the
value (2*threshold value) obtained by multiplying the
backed-up counting value “2” corresponding to the first
word-line WL1 by the threshold value, the comparator 180
may back up the counting value “threshold value™*3” stored
in the counting table 170 1n the counting value backup
region 134 corresponding to the first word-line WL1.

In connection with this, the multiplier 110 stores “3” as an
integer of an teger multiple of the threshold value in the
counting value backup region 134 corresponding to the first
word-line WLI1.

Thus, mstead of backing up the counting value “threshold
value*3” stored 1n the counting table 170 1n the state (¢) to
the counting value backup region 134 corresponding to the
first word-line WL1, *“3” as an mteger of an mteger multiple
of the threshold value 1s backed up into the counting value
backup region 134 corresponding to the first word-line WL1.
This may reduce a size of the counting value backup region
134 to correspondingly increase a size of the data region
132.

As described above, 1n the memory device according to
some example embodiments, the above-described operation
using the comparator 180 and the multiplier 110 may allow
for reducing a size of the backed-up counting value 136
stored 1n the counting value backup region 134 of the
memory cell array. This may further increase the proportion
of the data region 132 of the memory cell array.

Hereinafter, the above operations will be further described
based on flowcharts of FIG. 13 and FIG. 14.

FI1G. 13 and FIG. 14 are tlowcharts for 1llustrating opera-
tions of a memory device according to some example
embodiments.

Referring to FIG. 11 to FIG. 13, an operation S10e of the
memory device according to some example embodiments
will now be described.

In operation S10e, the comparator 180 compares a value
obtained by multiplying the backed-up counting wvalue
(stored 1n the counting value backup region 134 and corre-
sponding to the n-th word-line WLn activated by the n-th
row address RAn, and received through the multiplier 110)
by the threshold value with the counting value 174 (corre-
sponding to the n-th row address RAn and stored in the
counting table 170), in S112.

In connection with this, the comparator 180 determines
whether a value obtamned by multiplying the backed-up
counting value 136n (corresponding to the n-th word-line
WLn) by the threshold value 1s equal to or greater than a
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value obtained by adding the threshold value to the counting
value 174n stored in the counting table 170, in S124.

When 1t 1s determined that the value obtained by multi-
plying the backed-up counting value 1367 (correspondmg to
the n-th word-line WLn) by the threshold value 1s greater
than or equal to the value obtained by adding the threshold
value to the counting value 174# stored 1n the counting table
170 (5124, Y), the comparator 180 overwrites the value
obtained by multiplying the backed-up counting value 136
(corresponding to the n-th word-line WLn) by the threshold
value onto the counting value 174n stored in the counting
table 170, 1n S132.

On the other hand, when it 1s determined that the value
obtained by multiplying the backed-up counting value 136+
(corresponding to the n-th word-line WLn) by the threshold
value 1s smaller than the value obtained by adding the
threshold value to the counting value 174n stored in the
countmg table 170 (S124, N), the comparator 180 deter-
mines whether the counting value 174# stored in the count-
ing table 170 1s greater than or equal to a value obtained by
adding the threshold value to the value obtained by multi-
plying the backed-up counting value 136# (corresponding to
the n-th word-line WLn) by the threshold value, 1n S144.

When the counting value 174# stored 1n the counting table
170 1s greater than or equal to the value obtained by adding
the threshold value to the value obtained by multiplying the
backed-up counting value 136#% (corresponding to the n-th
word-line WLn) by the threshold value (S144, Y), the
comparator 180 backs up an integer obtained by dividing a
difference between the counting value 174# stored 1n count-
ing table 170 and the value obtained by multiplying the
backed-up counting value 136#% (corresponding to the n-th
word-line WLn) by the threshold value by the threshold

value 1nto the backed-up counting value 136% corresponding
to the n-th word-line WLn, in S152.

After the overwrite operation S132 and the backup opera-
tion S152, when 1t 1s determined that the row hammering
mitigation operation 1s necessary, the row hammering maiti-
gation operation may be performed.

Retferring to FIG. 11, FIG. 12 and FIG. 14, an operation
S10/ of the memory device according to some example
embodiments will now be described.

Operation S10/ 1s different from operation S10e of the
memory device of FIG. 13 in that, after the comparison
operation S112, the comparator 180 may first determine
whether the counting value 174# stored 1n the counting table
170 1s greater than or equal to a value obtained by adding the
threshold value to the value obtained by multiplying the
backed-up counting value 136#% (corresponding to the n-th
word-line WLn) by the threshold value, 1n 5144.

The subsequent operations are similar to those described
based on FIG. 13, and thus descriptions thereof are omuitted.

FIG. 15 1s a block diagram illustrating another memory
device according to some example embodiments.

Retferring to FIGS. 4 and 15, a memory device 100d
according to some example embodiments further includes a
shift logic circuit 190 disposed between the memory cell
array 130 and the comparator 180, relative to the configu-
ration of the memory device 100a of FIG. 1.

In an operation of the memory device 1004 according to
some example embodiments, the threshold value may be set
to a k” power of 2, i.e., 2 (k is a natural number).

In connection with this, the shift logic circuit 190 may
shift binary digits of the backed-up counting value 136
stored 1n the counting value backup region 134 in the
memory cell array 130 by log,77es#e/d value_]qg 2 =k digits.

Thus, when transferring the backed-up counting value 136
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(in which an integer multiple value as an integer of an
integer multiple of the threshold value 1s stored) to the
comparator, the shift logic circuit 190 may shift binary digits
of the backed-up counting value 136 by
log,reshold value—qo 2k digits. Thus, the operation of the

memory device 1004 may be performed more simply than

the operation of the memory device including the multiplier
110 1n FIG. 11.

The operation of the memory device 1004 using the shift

logic circuit 190 will now be described 1n detail waith
reference to FIG. 16.

FIG. 16 1s an example diagram for illustrating an over-
write operation of another memory device according to
some example embodiments.

Referring to FIG. 4, FIG. 15 and FIG. 16, the first row

address RA1 and a corresponding counting value are
described by way of example.

First, in a state (a), 1t 1s assumed that the backed-up
counting value stored i the counting value backup region
134 and corresponding to the first word-line WL1 activated
by the first row address RA1 1s “0”. Further, 1t 1s assumed
that the counting value 174 corresponding to the first row
address RA1 and stored in the counting table 170 1s the
threshold value. The threshold value may be k” power of 2,
i.e., 2° (k is a natural number).

The shaft logic circuit 190 may shift up binary bits of the
backed-up counting value 136a “0” corresponding to the
first word-line WL1 by the k digits, and transmit the shifting
result to the comparator 180.

The comparator 180 compares the value obtained by
shifting binary bits of the backed-up counting value 136a
corresponding to the first word-line WL1 by
log,rreshold value_]qg 2k—k digits with the counting value
174 stored 1n the counting table 170.

Thus, the comparator 180 determines whether a difference
between the value obtained by shifting up binary bits of the
backed-up counting value 136a corresponding to the first
word-line WL1 by log,”7¢"¢/ value_]gg A~k digits and the
counting value 174 stored 1n the counting table 170 1s greater
than or equal to the threshold value.

For example, because the counting value 174 “threshold
value” stored 1n the counting table 170 1s greater than or
equal to a value (O+threshold value=threshold value)
obtained by adding the threshold value to the value O
obtained by shifting up binary bits of the backed-up count-
ing value 136a “0” (corresponding to the first word-line
WL1) by the k digits, the comparator 180 may back up the
counting value 174 “threshold value” stored in the counting
table 170 into the counting value backup region 134 corre-
sponding to the first word-line WL1.

The shift logic circuit 190 stores an integer value “17 (as
an iteger of an mteger multiple of the threshold value) 1n
the counting value backup region 134 corresponding to the
first word-line WL1.

Thus, instead of backing up the threshold value as the
counting value 174 stored in the counting table 170 in the
state (a) mto the counting value backup region 134 corre-
sponding to the first word-line WL1, the integer value “1”
(as an integer of an mteger multiple of the threshold value)
1s backed up into the counting value backup region 134
corresponding to the first word-line WL1. Thus, the size of
the counting value backup region 134 may be reduced to
correspondingly increase the size of the data region 132.

In the state (b) where “1” 1s backed up 1n the counting
value backup region 134 corresponding to the first word-line
WL1, it 1s assumed that the counting value 174 correspond-
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ing to the first row address RA1 and stored in the counting
table 170 1s the threshold value*2.

The shift logic circuit 190 may shift up binary bits of the
backed-up counting value 136a “1” corresponding to the
first word-line WL1 by k the digits, and transmit the shifting
result to the comparator 180.

The comparator 180 compares the value (1 ... 0) obtained
by shifting up the backed-up counting value “1” correspond-
ing to the first word-line WL1 by the k digits with the

counting value “threshold value™*2” stored in the counting
table 170.

Thus, the comparator 180 determines whether a difference
between the value obtained by shifting up the binary number
of the backed-up counting value “1” corresponding to the
first word-line WL1 by k digits and the counting value
“threshold value*2” stored in the counting table 170 1s
greater than or equal to the threshold value.

For example, because the counting value “threshold
value*2” stored 1n the counting table 170 1s greater than or
equal to a value obtained by adding the threshold value to
the value obtained by shifting up the binary number of the
backed-up counting value “1” corresponding to the first
word-line WL1 by k digits, the comparator 180 may back up
the counting value “threshold value™2” stored 1n the count-
ing table 170 into the counting value backup region 134
corresponding to the first word-line WL1.

In connection with this, shift logic circuit 190 stores an
integer value “2” as an integer of an integer multiple of the
threshold value into the counting value backup region 134
corresponding to the first word-line WL1.

Thus, instead of backing up the counting value “threshold
value*2” stored 1n the counting table 170 1n the state (b) mnto
the counting value backup region 134 corresponding to the
first word-line WL1, the integer value “2” (as an integer of
an integer multiple of the threshold value) 1s backed up into
the counting value backup region 134 corresponding to the
first word-line WL1. Thus, the size of the counting value
backup region 134 may be reduced to correspondingly
increase the size of the data region 132.

In the state (¢) where “2” 1s backed up 1n the counting
value backup region 134 corresponding to the first word-line
WL1, it 1s assumed that the counting value 174 correspond-
ing to the first row address RA1 and stored in the counting
table 170 1s the threshold value™3.

The shift logic circuit 190 may shift up the binary number

of the backed-up counting value “2” corresponding to the
first word-line WL1 by k digits, and transmit the shifting
result to the comparator 180.
The comparator 180 compares the value obtained by
shifting up the binary number the backed-up counting value
“2” corresponding to the first word-line WL1 by k digits
with the counting value “threshold value™*3” stored in the
counting table 170.

Thus, the comparator 180 determines whether a difference
between the value obtained by shifting up the binary number
of the backed-up counting value “2” corresponding to the
first word-line WL1 by k digits and the counting value
“threshold value*3” stored in the counting table 170 1is
greater than or equal to the threshold value.

For example, because the counting value “threshold
value*3” stored 1n the counting table 170 1s greater than or
equal to a value obtained by adding the threshold value to
the value (10 . . . O0) obtained by shifting up the binary
number of the backed-up counting value “2” corresponding
to the first word-line WL1 by k digits, the comparator 180
may back up the counting value “threshold value™*3” stored
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in the counting table 170 into the counting value backup
region 134 corresponding to the first word-line WL1.

The shift logic circuit 190 stores an integer value “3” as
an 1nteger of an integer multiple of the threshold value into
the counting value backup region 134 corresponding to the
first word-line WLI1.

Thus, 1mnstead of backing up the counting value “threshold
value*3” stored 1n the counting table 170 1n the state (¢) mnto
the counting value backup region 134 corresponding to the
first word-line WL1, the integer value “3” (as an integer of
an integer multiple of the threshold value) 1s backed up into
the counting value backup region 134 corresponding to the
first word-line WL1. Thus, the size of the counting value
backup region 134 may be reduced to correspondingly
increase the size of the data region 132.

The above-described operation of the memory device
according to some example embodiments using the com-
parator 180 and the shift logic circuit 190 may allow for
reducing the size of the backed-up counting value 136 stored
in the counting value backup region 134 of the memory cell
array. This may further increase the proportion of the data
region 132 of the memory cell array.

Hereinafter, the above operation will be further described

based on flowcharts of FIG. 17 and FIG. 18. The operations
in FIG. 17 and FIG. 18 are based on a case when the
threshold value is k” power of 2, i.e., 2* (k is a natural
number).

FIG. 17 and FIG. 18 are flowcharts for illustrating other
operations of a memory device according to some example
embodiments.

Referring to FIG. 15 to FIG. 17, 1n an operation S10g of
the memory device according to some example embodi-
ments, the comparator 180 compares the value obtained by
shifting the binary number of the backed-up counting value
stored 1n the counting value backup region 134 (correspond-
ing to the n-th word-line WLn activated by the n-th row
address RAn, and received from the shift logic circuit 190)
with the counting value 174 (corresponding to the n-th row
address RAn and stored 1n the counting table 170), 1n S114.

The comparator 180 determines whether the wvalue
obtained by shifting up the binary number of the backed-up
counting value 136n (corresponding to the n-th word-line
WLn) by k bits 1s equal to or greater than a value obtained
by adding the threshold value to the counting value 174#
stored 1n the counting table 170, 1n S126.

When 1t 1s determined that the value obtained by shifting
up the binary number of the backed-up counting value 136
(corresponding to the n-th word-line WLn) by k bits 1s equal
to or greater than the value obtained by adding the threshold
value to the counting value 174# stored 1n the counting table
170 (5126, Y), the comparator 180 overwrites the value
obtained by shifting up the binary number of the backed-up
counting value 136n (corresponding to the n-th word-line
WLn) by k bits onto the counting value 174» stored in the
counting table 170, in S134.

On the other hand, when 1t 1s determined that the value
obtained by shifting up the binary number of the backed-up
counting value 136n (corresponding to the n-th word-line
WLn) by k bits 1s smaller than the value obtained by adding
the threshold value to the counting value 174# stored 1n the
counting table 170 (5126, N), the comparator 180 deter-
mines whether the counting value 174» stored in the count-
ing table 170 1s greater than or equal to the value obtained
by adding the threshold value to the value obtained by
shifting up the binary number of the backed-up counting
value 136n (corresponding to the n-th word-line WLn) by k
bits, 1n S146.
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When the counting value 174# stored in the counting table
170 1s greater than or equal to the value obtained by adding
the threshold value to the value obtained by shifting up the
binary number of the backed-up counting value 136» (cor-
responding to the n-th word-line WLn) by k bits (5146, Y),
the comparator 180 may back up an integer obtaimned by
dividing a difference between the counting value 174#
stored 1n the counting table 170 and the value obtained by
shifting up the binary number of the backed-up counting
value 136#% (corresponding to the n-th word-line WLn) by k
bits by the threshold value nto the backed-up counting value
1367 corresponding to the n-th word-line WLn, in S154.

After the overwrite operation S134 and the backup opera-
tion S154, when 1t 1s determined that the row hammering
mitigation operation 1s necessary, the row hammering maiti-
gation operation may be performed.

Referring to FIG. 15, FIG. 16, and FIG. 18, an operation
S10/2 of the memory device according to some example
embodiments 1s diflerent from the operation S10g of the
memory device of FIG. 17 in that, after the comparison
operation S114, the comparator 180 first determines whether
the counting value 174» stored 1n the counting table 170 1s
greater than or equal to a value obtained by adding the
threshold value to the value obtained by shifting up the
binary number of the backed-up counting value 1367 (cor-
responding to the n-th word-line WLn) by k bits, in S146.

The subsequent operations are similar to those as
described above based on FIG. 17, and thus descriptions
thereol are omitted.

FIG. 19 to FIG. 21 are block diagrams 1llustrating another
memory device according to some example embodiments.

Referring to FIG. 19, a memory device 100e according to
some example embodiments further includes a row address
search logic circuit 111 disposed between the row decoder
160 and the counting table 170, relative to the configuration
of the memory device 100q of FIG. 1.

Referring to FIG. 20, a memory device 100f according to
some example embodiments further includes the multiplier
110 disposed between the comparator 180 and the memory
cell array 130, relative to the configuration of the memory
device 100¢ of FIG. 19.

Referring to FIG. 21, a memory device 100¢g according to
some example embodiments further includes the shift logic
circuit 190 disposed between the comparator 180 and the
memory cell array 130, relative to the configuration of the
memory device 100e of FIG. 19.

In the memory devices 100e, 100/, and 100g 1n FIG. 19
to FIG. 21, the row address search logic circuit 111 may
perform an additional operation belore performing the
above-described operations S10a to S10/. of the memory
devices as described above with reference to FIG. 7, FIG. 8,
FIG. 9, FIG. 10, FIG. 13, FIG. 14, FIG. 17, and FIG. 18.

Referring to FIG. 19 to FIG. 21, e.g., in the memory
devices 100e, 100/, and 100g, the row address search logic
circuit 111 may detect whether a row address RA which has
been received through the row decoder 160 and has been
activated 1s stored 1n the counting table 170.

Then, when the row address search logic circuit 111
detects that a row address RA which has been received
through the row decoder 160 and has been activated 1s stored
in the counting table 170, the row address search logic
circuit 111 may increase the counting value 174 correspond-
ing to the row address RA stored in the counting table 170
by “1”. Thereafter, at least one of the operations S10a to
S10/ of the memory devices as described above based on
FIG. 7, FIG. 8, FIG. 9, FIG. 10, FIG. 13, FIG. 14, FIG. 17,

and FIG. 18 may be performed.
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With retference to the above, and 1n connection with FIG.
22 described further below, when the row address search
logic circuit 111 determines that a row address RA which has
been received through the row decoder 160 and has been
activated 1s not present in the counting table 170, the row
address search logic circuit 111 may store the row address
RA and the counting value in the counting table 170. In
connection with this, 1t 1s necessary to determine whether
there 1s a storage space in the counting table 170, before
storing the row address RA and the counting value therein.

When 1t 1s determined that a space for storing therein the
activated row address RA and the counting value 1s present
in the counting table 170, the activated row address RA and
the counting value may be stored in the counting table 170.
Thereatter, the counting value corresponding to the activated
row address RA stored 1n the counting table 170 1s set to “17.

When 1t 1s determined that a space for storing therein the
activated row address RA and the counting value 1s not
present in the counting table 170, a row address already
stored 1n the counting table 170 and a corresponding count-
ing value may be deleted theretfrom. In connection with this,
row address information with a smallest counting value may
be deleted therefrom.

Thereatfter, the activated row address RA and the counting
value are stored in the counting table 170. Thereafter, the
counting value of the activated row address RA stored 1n the
counting table 170 1s set to “1”.

Thereafter, at least one of the operations S10a to S10/ of
the memory devices as described above based on FIG. 7,
FIG. 8, FIG. 9, FIG. 10, FIG. 13, FIG. 14, FIG. 17, and FIG.
18 may be performed.

The above-described operations of the memory devices
100e, 1007, and 100g will now be further described based on

a flowchart of FIG. 22.

FIG. 22 to FIG. 23 are flowcharts for illustrating other
operations of a memory device according to some example
embodiments.

Referring to FIG. 19 to FIG. 22, by way of example, in
operation S210 for each of the memory devices 100e, 100/,
and 100g, the row address search logic circuit 111 may
detect whether the row address RA which has been received
through the row decoder 160 and has been activated 1s stored
in the counting table 170, in S210.

Then, when the row address search logic circuit 111
determines that the row address RA which has been received
through the row decoder 160 and has been activated 1s stored
in the counting table 170 (5210, Y), the row address search
logic circuit 111 increases the counting value 174 corre-
sponding to the row address RA stored 1n the counting table
170 by 1, 1n S220. Thereaiter, at least one of the operations

S10a to S10% of the memory device as described above
based on FIG. 7, FIG. 8, FIG. 9, FIG. 10, FIG. 13, FIG. 14,

FIG. 17, and FIG. 18 may be performed, in S230.

On the other hand, when the row address search logic
circuit 111 determines that the row address RA which has
been received through the row decoder 160 and has been
activated 1s absent from the counting table 170 (5210, N),
the row address search logic circuit 111 stores the row
address RA and the counting value in the counting table 170,
in which case the row address search logic circuit 111
determines whether there 1s a storage space 1n the counting
table 170 before storing the row address RA and the count-
ing value therein, in S240.

When it 1s determined that the space for storing therein the
activated row address RA and the counting value 1s present
in the counting table 170 (5240, Y), the row address search
logic circuit 111 may store the activated row address RA and
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the counting value in the counting table 170, 1n S260.
Thereatter, the row address search logic circuit 111 may set
the counting value corresponding to the activated row
address RA stored 1n the counting table 170 to *“17, 1n S270.

On the other hand, when 1t 1s determined that the space for
storing therein the activated row address RA and the count-
ing value 1s not present 1n the counting table 170 (5240, N),
the row address search logic circuit 111 may delete a row
address already stored in the counting table 170 and a
corresponding counting value from the counting table, 1n
S250. The row address search logic circuit 111 may delete
some of the counting values stored 1n the counting table 170.
In another example, the row address search logic circuit 111
may delete row address information having the smallest
counting value stored 1n the counting table 170.

Thereatter, the row address search logic circuit 111 stores
the activated row address RA and the counting value in the
counting table 170. Thereafter, the row address search logic
circuit 111 sets the counting value corresponding to the
activated row address RA stored 1n the counting table 170 to
“17, 1n S270.

Thereatter, at least one of the operations S10a to S10/ of
the memory device as described above based on FIG. 7, FIG.
8, FIG. 9, FIG. 10, FIG. 13, FIG. 14, FIG. 17, and FIG. 18
may be performed, in S270.

Referring back to FIG. 1, FIG. 3, FIG. 11, FIG. 15, and
FIG. 19 to FIG. 21, and in connection with FIG. 23
described further below, each of the memory devices 100q
to 100g according to some example embodiments may
perform an additional operation during a refresh period, and
before performing the operations S10a to S102 of the
memory device described above with reference to FIG. 1 to
FIG. 18.

For example, information in the DRAM 1s stored based on
charges accumulated 1n the capacitor 1n the cell. The storage
of the information 1s temporary. Therefore, the DRAM
memory cell 1s required to be periodically refreshed by a
special external circuit to prevent data stored 1n the memory
cell from being changed due to leakage current. An external
refresh circuit must drive each row of the DRAM once
within a refresh period. This may be performed by continu-
ously changing an internal address based on a command
signal applied from an external component.

The control logic circuit 120 may refresh a row address
having a largest value among the counting values 174 of the
counting table 170 during the refresh period.

The counting value 174 corresponding to the row address
which has been refreshed may be set to “1”. Thereaiter, at
least one of the operations S10a to S10/ of the memory
device as described above with reference to FIG. 7, FIG. 8,
FIG. 9, FI1G. 10, FIG. 13, FIG. 14, FIG. 17, and FIG. 18 may
be performed.

Hereinaftter, the above-described operation will be further
described based on a flowchart of FIG. 23.

Referring to FIG. 23, 1n an operation S30 of the memory
device according to some example embodiments, the control
logic circuit 120 may refresh the row address having the
largest value among the counting values 174 of the counting
table 170 during the refresh period, 1n S310.

Thereatter, the counting value 174 corresponding to the
row address which has been refreshed may be set to “17.
Thereatter, at least one of the operations S10q to S10/ of the
memory device as described above with reference to FIG. 7,
FIG. 8, FIG. 9, FIG. 10, FIG. 13, FIG. 14, FIG. 17, and FIG.
18 may be performed.

FIG. 24 15 a view showing a memory system 1ncluding a
memory device according to some example embodiments.




US 11,848,043 B2

19

Referring to FIG. 24, a memory system 1000 according to
some example embodiments may include a mobile system
such as a portable communication terminal, a smartphone
smart phone, a tablet PC (tablet personal computer), a
wearable device, a healthcare device or an IOT (internet of
things) device. However, the memory system 1000 in FIG.
24 may be a personal computer, a laptop computer, a server,
a media player, or a vehicle device such as a navigation
device, etc.

The memory system 1000 may include a main processor
1100, memories 1200q¢ and 12005, and storage devices
1300a and 13005. The memory system 1000 may addition-
ally include at least one of an image capturing device 1410,
a user mput device 1420, a sensor 1430, a communication
device 1440, a display 1450, a speaker 1460, a power supply
device 1470, and a connection interface 1480.

Hereinatter, 1t 1s assumed that at least one of the memories
1200a and 12005 1s at least one of the memory devices
according to some example embodiments described based
on FIG. 1 to FIG. 23.

The main processor 1100 may control overall operation of
the memory system 1000, more specifically, operations of
other components constituting the memory system 1000.
The main processor 1100 may be implemented as a general-
purpose processor, a dedicated processor, or an application
Processor.

The main processor 1100 may include at least one CPU
core 1110, and may further include a controller 1120 for
controlling the memories 1200a and 12006 and/or the stor-
age devices 1300aq and 13005. According to an example
embodiment, the main processor 1100 may further include
an accelerator 1130 as a dedicated circuit for high-speed data
operation such as Al (artificial itelligence) data operation.
The accelerator 1130 may include a GPU (Graphics Pro-
cessing Unit), an NPU (Neural Processing Unit), and/or a
DPU (Data Processing Unit), and may be implemented as a
separate chip physically independent from other compo-
nents of the main processor 1100.

The memories 1200a and 12005 may be used as a main
memory device of the memory system 1000, and may
include a volatile memory such as SRAM and/or DRAM, or
may include a non-volatile memory such as flash memory,
PRAM and/or RRAM. The memories 1200aq and 12005 and
the main processor 1100 may be implemented in the same
package.

The storage devices 1300aq and 13005 may function as a
non-volatile storage device that stores data therein regard-
less of power supply, and may have a relatively large storage
capacity compared to the memories 1200a and 12005. The
storage devices 1300a and 13005 may respectively include
storage controllers 1310a¢ and 13105, and non-volatile
memories (NVM) 1320q and 13205 that store therein data
under control of the storage controllers 1310aq and 13105.
Each of the non-volatile memories 1320a and 132056 may
include a flash memory of a 2D (2-dimensional) structure or
3D (3-dimensional) V-NAND (Vertical NAND) structure, or
may include other types of non-volatile memories such as
PRAM and/or RRAM.

The storage devices 1300q and 13006 may be included in
the memory system 1000 while being physically separated
from the main processor 1100. In another implementation,
the storage devices 1300q and 13006 and the main processor
1100 may be mmplemented 1n the same package. Further,
cach of the storage devices 1300qa and 13005 may be
embodied as SSD (solid state device) or a memory card and
thus may be detachably coupled to other components of the
memory system 1000 via an interface such as the connection
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interface 1480 which will be described later. Each of the
storage devices 1300aq and 130056 may be a device to which
a standard protocol such as UFS (Universal Flash Storage),
eMMC (embedded multi-media card), or NVMe (non-vola-
tile memory express) 1s applied, for example.

The 1mage capturing device 1410 may capture a still
image or a moving image, and may include a camera, a
camcorder, and/or a webcam.

The user mput device 1420 may receive various types of
data input from a user of the memory system 1000, and may
be embodied as a touch pad, a keyboard, a mouse, and/or a
microphone.

The sensor 1430 may detect various types of physical
quantities that may be obtained from an outside out of the
memory system 1000, and may convert the sensed physical
quantity into an electrical signal. The sensor 1430 may
include a temperature sensor, a pressure sensor, an 1llumi-
nation sensor, a position sensor, an acceleration sensor, a
biosensor, and/or a gyroscope sensor.

The communication device 1440 may transmit and
receive signals to and from other devices out of the memory
system 1000 according to various communication protocols.
The communication device 1440 may be composed of an
antenna, a transceiver, and/or a modem.

The display 1450 and the speaker 1460 may function as
output devices for outputting visual information and audible
information to the user of the memory system 1000, respec-
tively.

The power supply device 1470 may appropriately convert
power supplied from a battery (not shown) built 1into the
memory system 1000 and/or an external power supply and
supply the converted power to each of the components of the
memory system 1000.

The connection interface 1480 may provide a connection
between the memory system 1000 and an external device
that 1s connected to the memory system 1000 to transmit and
receive data to and from the memory system 1000. The
connection interface 1480 may be embodied as various
interfaces such as ATA (Advanced Technology Attachment),
SATA (Senial ATA), e-SATA (external SATA), SCSI (Small
Computer Small Interface), SAS (Sernial Attached SCSI),
PCI (Peripheral Component Interconnection), PCle (PCI
express), NVMe, IEEE 1394, USB (universal serial bus), SD
(secure digital) card, MMC (multi-media card), eMMC,
UFS, eUFS (embedded Universal Flash Storage), CF (com-
pact tlash) card interface, etc.

By way of summation and review, whenever data 1s
input/output to a memory cell, a word-line toggles between
an active state and an inactive state. As a couphng ellect
between adjacent word-lines increases with increasing inte-
gration, data ol a memory cell connected to a word-line
adjacent to a word-line which 1s frequently activated may be
damaged. This phenomenon 1s referred to as row hammer-
ing. Word-line disturbance causes data of the memory cell to
be damaged before the memory cell 1s refreshed.

As described above, embodiments may provide a memory
device that may prevent loss of a counting value of activa-
tion of a word-line 1n a register, which may otherwise occur
during a row hammering mitigation operation. Embodi-
ments may provide a memory system that may prevent loss
of an active counting value of a word-line 1n a register,
which may otherwise occur during a row hammering maiti-
gation operation.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are
to be mterpreted 1n a generic and descriptive sense only and
not for purpose of limitation. In some instances, as would be
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apparent to one of ordinary skill in the art as of the filing of

the present application, features, characteristics, and/or ele-
ments described 1n connection with a particular embodiment
may be used singly or in combination with features, char-
acteristics, and/or elements described i1n connection with
other embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill 1n the art
that various changes 1 form and details may be made
without departing from the spirit and scope of the present
invention as set forth i the following claims.

What 1s claimed 1s:
1. A memory device, comprising:
a memory cell array including a plurality of memory cells
connected to a first word-line, wherein each row of the
plurality of memory cells includes a data region 1n
which data 1s stored and a counting value backup
region in which a number of times the first word-line 1s
activated 1s backed up;
a counting table for storing therein a first row address,
corresponding to the first word-line, and a first counting
value, as a counting result of the number of times the
first word-line 1s activated; and
a comparator configured to:
compare the first counting value with a first backed-up
counting value stored in the counting value backup
region; and

when the first counting value 1s greater than the first
backed-up counting value, back up the first counting
value 1n the counting value backup region; or

when the first backed-up counting value 1s greater than
the first counting value, overwrite the first backed-up
counting value into the counting table.

2. The memory device as claimed in claim 1, further
comprising a mitigation logic circuit configured to:

determine whether row hammering has occurred on the
first word-line; and

upon determination that the row hammering has occurred
on the first word-line, perform a target-row reiresh
operation on a word-line adjacent to the first word-line,

wherein the counting table 1s included in the mitigation
logic circuat.

3. The memory device as claimed 1n claim 1, wherein the

comparator 1s further configured to:
when the first counting value 1s greater than a sum of a
threshold value and the first backed-up counting value,
back up the first counting value 1n the counting value
backup region; or
when the first backed-up counting value 1s greater than a
sum of the threshold value and the first counting value,
overwrite the first backed-up counting value 1nto the
counting table.
4. The memory device as claimed in claim 3, further
comprising a multiplier disposed between the memory cell
array and the comparator, wherein:
the first backed-up counting value 1s n, where n 1s a
natural number,
the multiplier multiplies n by the threshold value, and
delivers the multiplying result to the comparator, and
the comparator 1s further configured to:
when a value obtained by multiplying n by the thresh-
old value 1s greater than the sum of the threshold
value and the first counting value, overwrite the
value obtained by multiplying n by the threshold
value 1nto the counting table; or

when the first counting value 1s greater than a sum of
the threshold value and the value obtained by mul-
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tiplying n by the threshold value, back up n+1 1nto
the counting value backup region.
5. The memory device as claimed in claim 3, further
comprising a shift logic circuit disposed between the
memory cell array and the comparator, wherein:
the first backed-up counting value 1s n (n 1s a natural
number),
the threshold value is 2% ((k is a natural number),
the shift logic circuit shifts up a binary number of n by k
binary digits, and transmits the shifting result to the
comparator, and
the comparator 1s further configured to:
when a value obtained by shifting up the binary number
of n by the k binary digits 1s greater than the sum of
the threshold value and the first counting value,
overwrite the value obtained by shifting up the
binary number of n by the k binary digits into the
counting table; or

when the first counting value 1s greater than a sum of
the threshold value and the value obtained by shift-
ing up the binary number of n by the k binary digits,
back up n+1 into the counting value backup region.

6. The memory device as claimed in claim 1, further
comprising a row address search logic circuit disposed
between the memory cell array and the counting table,

wherein the row address search logic circuit 1s configured
to detect whether a second row address corresponding
to a second word-line to be activated among word-lines
included in the memory cell array 1s present in the
counting table.

7. The memory device as claimed in claim 6, wherein,
when the second row address 1s present in the counting table,
the row address search logic circuit 1s further configured to
increase, by 1, a second counting value as a counting result
of a number of times the second row address 1s activated.

8. The memory device as claimed in claim 6, wherein,
when the second row address 1s absent from the counting
table, the row address search logic circuit 1s further config-
ured to determine whether a storage space for storing therein
the second row address and a second counting value as a
counting result of a number of times the second row address
1s activated 1s present in the counting table,

wherein, when the storage space 1s absent from the
counting table, the row address search logic circuit 1s
further configured to delete at least one counting value
among counting values stored in the counting table, and
at least one row address corresponding to the at last one
counting value, and store the second row address and
the second counting value 1n the counting table.

9. The memory device as claimed in claim 8, wherein the
at least one counting value includes a smallest counting
value among the counting values stored in the counting
table.

10. A memory device, comprising:

a control logic circuit configured to receive a command
and an address from an external component, generate a
first voltage control signal based on the command, and
generate a first row address and a first column address
based on the address;

a voltage generator for generating a first word-line voltage
based on the first voltage control signal;

a row decoder for recerving the first word-line voltage and
the first row address, and delivering the first word-line
voltage to the first row address; and

a memory cell array including a plurality of memory cells
connected to a first word-line corresponding to the first
row address, wherein each row of the plurality of
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memory cells includes a data region 1n which data 1s
stored and a counting value backup region in which a
number of times the first word-line 1s activated 1s
backed up;

a page buller for receiving the first column address,
selecting a bit-line corresponding to the first column
address, and transmitting and recerving the data to and
from at least some of the plurality of memory cells;

a counting table for storing therein the first row address
and a first counting value as a counting result of the
number of times the first word-line 1s activated; and

a comparator configured to:
compare the first counting value with a first backed-up

counting value stored 1n the counting value backup
region; and
when the first counting value 1s greater than the first
backed-up counting value, back up the first counting
value 1n the counting value backup region; or
when the first backed-up counting value 1s greater than
the first counting value, overwrite the first backed-up

counting value into the counting table.
11. The memory device as claimed 1n claim 10, further

comprising a mitigation logic circuit configured to:

determine whether row hammering has occurred on the
first word-line; and

upon determination that the row hammering has occurred
on the first word-line, perform a target-row refresh
operation on a word-line adjacent to the first word-line,

wherein the counting table 1s included 1n the mitigation
logic circuit.

12. The memory device as claimed 1n claim 10, wherein

the comparator 1s further configured to:

when the first counting value 1s greater than a sum of a
threshold value and the first backed-up counting value,
back up the first counting value 1n the counting value
backup region; or

when the first backed-up counting value 1s greater than a
sum of the threshold value and the first counting value,
overwrite the first backed-up counting value into the
counting table.

13. The memory device as claimed in claim 12, further

comprising a multiplier disposed between the memory cell
array and the comparator, wherein:

the first backed-up counting value 1s n, where n 1s a
natural number,
the multiplier multiplies n by the threshold value, and
delivers the multiplying result to the comparator, and
the comparator 1s further configured to:
when a value obtained by multiplying n by the thresh-
old value 1s greater than the sum of the threshold
value and the first counting value, overwrite the
value obtained by multiplying n by the threshold
value mnto the counting table; or
when the first counting value 1s greater than a sum of
the threshold value and the value obtained by mul-
tiplying n by the threshold value, back up n+1 1nto
the counting value backup region.
14. The memory device as claimed 1n claim 12, further

comprising a shift logic circuit disposed between the
memory cell array and the comparator, wherein:

the first backed-up counting value 1s n (n 1s a natural
number),

the threshold value is 2* (k is a natural number),

the shift logic circuit shifts up a binary number of n by k
binary digits, and transmits the shifting result to the
comparator, and
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the comparator 1s further configured to:
when a value obtained by shifting up the binary number
of n by the k binary digits 1s greater than the sum of
the threshold value and the first counting value,
overwrite the value obtamned by shifting up the
binary number of n by the k binary digits into the
counting table; or
when the first counting value 1s greater than a sum of
the threshold value and the value obtained by shift-
ing up the binary number of n by the k binary digits,
back up n+1 into the counting value backup region.
15. The memory device as claimed in claim 10, further

comprising a row address search logic circuit disposed
between the memory cell array and the counting table,

wherein the row address search logic circuit 1s configured
to detect whether a second row address corresponding
to a second word-line to be activated among word-lines
included 1in the memory cell array 1s present in the
counting table.

16. The memory device as claimed 1n claim 15, wherein,

when the second row address 1s present in the counting table,
the row address search logic circuit 1s further configured to
increase, by 1, a second counting value as a counting result
of a number of times the second row address 1s activated.

17. The memory device as claimed 1n claim 15, wherein,

when the second row address 1s absent 1n the counting table,
the row address search logic circuit 1s further configured to
determine whether a storage space for storing therein the
second row address and a second counting value as a
counting result ol a number of times the second row address
1s activated 1s present in the counting table,

wherein, when the storage space 1s absent 1n the counting
table, the row address search logic circuit i1s further
configured to delete at least one counting value among
counting values stored 1n the counting table, and at least
one row address corresponding to the at last one
counting value, and store the second row address and
the second counting value 1n the counting table.

18. The memory device as claimed in claim 10, wherein

the control logic circuit 1s further configured to:

refresh a second counting value having a largest counting
value among counting values stored in the counting
table, and a second row address in the memory cell
array corresponding to the second counting value dur-
ing a refresh time; and
reset the second counting value to 1.
19. A memory system, comprising;
a main processor including at least one CPU core; and
a memory device exchanging data with the main proces-
sor, the memory device including:
a memory cell array including a plurality of memory cells
connected to a first word-line, wherein each row of the
plurality of memory cells includes a data region in
which data 1s stored and a counting value backup
region 1in which a number of times the first word-line 1s
activated 1s backed up;
a counting table for storing therein a first row address,
corresponding to the first word-line, and a {irst counting,
value, as a counting result of the number of times the
first word-line 1s activated; and
a comparator configured to:
compare the first counting value with a first backed-up
counting value stored 1n the counting value backup
region; and

when the {first counting value 1s greater than the first
backed-up counting value, back up the first counting
value 1n the counting value backup region; or
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when the first backed-up counting value 1s greater than
the first counting value, overwrite the first backed-up
counting value into the counting table.
20. The memory system as claimed 1n claim 19, wherein
the comparator 1s further configured to:
when the first counting value 1s greater than a sum of a
threshold value and the first backed-up counting value,
back up the first counting value 1n the counting value
backup region; or
when the first backed-up counting value 1s greater than a
sum of the threshold value and the first counting value,
overwrite the first backed-up counting value 1nto the
counting table.
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